INTRODUCTION
Tuberculosis is still a major problem in Russia, the main reason being the spread of mycobacteria with multidrug resistance (MDR). Lately, particular focus has been placed on the Beijing family of Mycobacterium tuberculosis, as recent publications have demonstrated not only the highest prevalence of this genotype in Russia but also its association with drug resistance. The Beijing family is a group of genetically related variants of M. tuberculosis with increased transmissibility and virulence (Parwati et al., 2010) . Consequently, typing of the isolates of this family and inference of the profiles of drug resistance are of importance for many epidemiological matters such as assessment of the risk of an outbreak and identification of the source of infection, as well as decision-making in the treatment course.
The Novosibirsk Region had high incidence (132.9 per 100 000 of the population) and mortality (28.6 per 100 000) rates for tuberculosis in 2009. Higher rates in the Siberian Federal District have only been reported for the Kemerovo Region, the Irkutsk Region, the Republic of Buryatia and especially the Tyva Republic, where the incidence and mortality rates in 2009 were 229.4 per 100 000 and 84.1 per 100 000, respectively (Murashkina et al., 2010) . The diversity of MDR isolates is increasing. The position of Novosibirsk as a huge trade and transport hub with heavy migration, often from tuberculosis-affected countries, contributes to the spread of MDR tuberculosis across the Novosibirsk Region. M. tuberculosis isolates circulating in the Novosibirsk Region and recovered from newly diagnosed patients have been characterized using variable number tandem repeat (VNTR) typing. In addition, isolates in different families have been analysed for prevalence and drug resistance, and associations between M. tuberculosis genotypes and drug resistance have been found.
METHODS
Sampling. We analysed 106 M. tuberculosis isolates collected from newly diagnosed patients. Males aged 21-71 years (mean 41 years) dominated the patient cohort (84/106, 79 %). The most common form was infiltrative tuberculosis of the lungs in 87 patients (82 %), followed by disseminated tuberculosis of the lungs in 13 patients (12 %), caseous pneumonia in five patients (5 %) and exudative pleuritis in one patient (1 %). Bacteriological studies were performed at the Novosibirsk Research Institute of Tuberculosis. M. tuberculosis was grown for 4 weeks in Löwenstein-Jensen medium, before testing the isolates for sensitivity to isoniazid, rifampicin, streptomycin and ethambutol by the absolute concentration method (Drobniewski & Wilson, 1998) .
DNA isolation. DNA was isolated from M. tuberculosis cultures as described by van Soolingen et al. (1999) .
VNTR typing. VNTR typing of the loci mycobacterial interspersed repetitive unit (MIRU) 2, MIRU4, MIRU10, MIRU16, MIRU20, MIRU23, MIRU24, MIRU26, MIRU27, MIRU31, MIRU39 and MIRU40 and exact tandem repeat (ETR)-A, ETR-B and ETR-C was performed by PCR in a volume of 20 ml containing 65 mM Tris/HCl (pH 8.9), 16 mM (NH 4 ) 2 SO 4 , 2.5 mM MgCl 2 , 0.05 % Tween 20, 0.2 mM dNTPs, 1 mM appropriate oligonucleotide primers, 1 U Taq DNA polymerase and 1-10 ng M. tuberculosis genomic DNA, as described previously (Frothingham & Meeker-O'Connell, 1998; Supply et al., 2000) . The oligonucleotide primer sequences are given in Table 1 . The reaction was carried out in an iCycler amplifier (BioRad) where, after an initial denaturation step of 96 uC for 3 min, 33 cycles were performed as follows: denaturation at 95 uC for 5 s, annealing at 60 uC for 10 s and elongation at 72 uC for 20 s. The presence of an amplification product was checked by 6 % PAGE with subsequent visualization of the DNA by ethidium bromide staining.
The number of tandem repeat copies was calculated as a function of the size of the PCR product. The structure and number of repeat copies was also verified selectively by direct sequencing of the amplified DNA fragments. The genotype of each isolate was expressed as a set of 15 digits where each digit showed the number of copies of the corresponding tandem repeat.
Statistical analysis. Statistical data processing was performed using STATISTICA 6.0 (StatSoft). Cluster analysis and dendrogram construction were performed using UPGMA and the neighbour-joining method. To determine whether there was an association between a particular genotype and a mutation or MDR, Spearman's rank correlation coefficient (STATISTICA for Windows 8.0; StatSoft) was used. The cut-off for significance was taken as P,0.05.
Identification of mutations associated with the development of resistance to isoniazid and rifampicin. Primers were designed for amplification of fragments containing codon 315 of the katG gene (MSPA and MSPB) and codon 531 of the rpoB gene (MUT531U and MUT531R) ( Table 1) . PCR amplification was performed in 20 ml volumes containing 65 mM Tris/HCl (pH 8.9), 16 mM (NH 4 ) 2 SO 4 , 0.05 % Tween 20, 2.5 mM MgCl 2 , 100 mM dNTP, 1 mM primers, 1 U Taq DNA polymerase and 1-10 ng of M. tuberculosis genomic DNA. The reaction was carried out in a Tertsik amplifier (DNA Technology) with an initial denaturation step of 96 uC for 3 min, followed by 38 cycles of denaturation at 95 uC for 10 s, annealing at 68 uC for 10 s for katG or 60 uC for 10 s for rpoB, and elongation at 72 uC for 20 s. The presence of an amplification product was checked by 6 % PAGE with subsequent visualization of the DNA by ethidium bromide staining.
Mutations in codon 315 of the katG gene were determined by digesting 10 ml amplification product with MspI in a total reaction volume of 15 ml. One unit of enzyme was added twice at 1 h intervals and the mixture was incubated at 37 uC. The restriction mixture was analysed by 8 % PAGE. Fragments of 72, 57 and 6 bp corresponded to the wild-type allele of katG, whilst fragments of 72, 36, 21 and 6 bp corresponded to mutations in codon 315 of katG.
The amplification product from rpoB was digested with BstPAI to determine whether a mutation in codon 531 of the gene was present. In case a wild-type allele was present in the amplified DNA fragment, a substitution was inserted into one of the oligonucleotide primers to GATTGAGGGGATCGTGATTGG  ETRA2  CAGCTAGGCACTCCTGAGATTCC  ETRB1  BGCGAACACCAGGACAGCATCATG  ETRB2  GGCATGCCGGTGATCGAGTGG  ETRC1  CCTTATGCTTTGCCTGTTTGACC  ETRC2  TGTTCGGGGTGAGAAGATCG  MIRU02U  CAGGACACGGGTTCTACTG  MIRU02R  GGACTAGGTCGAGGTTGTGTC  MIRU04U  CAGGTCACAACGAGAGGAAGAGC  MIRU04R  GCGGATCGGCCAGCGACTCCTC  MIRU10U  GACTTCCAACAGCACCGTCTTATC  MIRU10R  TCGCACCGATCACGCTACG  MIRU16U  GTTGGAAACGGCGGTTATTGAC  MIRU16R  CGGAGTCGTCCAGCAAGACC  MIRU20U  TCGGAGAGATGCCCTTCGAGTTAG  MIRU20R  TCACGGTCTCCGCACTAACG  MIRU23U  CTCACCAGGATCGCCAAACC  MIRU23R  TCTGACTCATGGTGTCCAACC  MIRU24U  GCTTGTGCGGGAAGGCTA  MIRU24R  CGATCGCGGATCTTTGCT  MIRU26U  CCAGCAGTTGAGCACAGTTCG  MIRU26R  GGATAGGTCCGAGTTCGATTTCC  MIRU27U  CGGTGACCAACGTCAGATTC  MIRU27R  ACGTGACGGGGCATCTTC  MIRU31U  CCTTATGCTTTGCCTGTTTGACC  MIRU31R  TGTTCGGGGTGAGAAGATCG  MIRU39U  GTCAACAGACCACTAGACAAGCC  MIRU39R  GCAGCGTCCGTACTTCCG  MIRU40U  GCAAGAGCAAGAGCACCAAGC  MIRU40R  TGTCTAATCAGGTCTTTCTCTCACGC  MSPA  CGATCTGGTCGGCCCCGAAC  MSPB  TTCGTCGGGGTGTTCGTCCA  MUT531U  AAACCACAAGCGCCGAATGTC  MUT531R  TCTGATCGGCTCGCTGTC  RPOB1 AACCGCCGCCTGCGTACGGT
A. Dymova and others create a recognition site for the endonuclease. Hydrolysis was carried out in a 25 ml reaction volume using 20 ml amplification product and 2 U BstPAI. The reactions were incubated at 65 uC for 2 h and the restriction products were analysed by 8 % PAGE with subsequent visualization of the DNA by ethidium bromide staining. A fragment of 153 bp corresponded to the mutant-type allele, whilst fragments of 135 and 18 bp corresponded to a wild-type allele. Direct sequencing of the core region of the rpoB gene and the promoter regions of ahpC and the inhA locus (mabA and inhA genes) was performed on an ABI 3130XL Genetic Analyzer automated sequencer (Applied Biosystems) using a Big Dye 3.1 set and appropriate primers (see Table 1 for primer sequences).
RESULTS VNTR typing
VNTR typing of 106 M. tuberculosis DNA isolates recovered from patients with lung tuberculosis in the Novosibirsk Region using 15 polymorphic loci identified 67 genotypes. Fifty-two M. tuberculosis isolates each had a unique profile, whilst the remaining 54 formed unevenly sized clusters with a linkage coefficient of 0.04 and higher. The Hunter-Gaston Discriminatory Index (HGDI) for this typing method was 0.98. Based on the VNTR typing data, a clustering dendrogram was constructed (see Supplementary Fig. S1 , available in JMM Online). This dendrogram had two large and many smaller branches, with a linkage coefficient ranging from 0.04 to 0.36. The clustering ratio (the number of isolates in the clusters divided by the total number of isolates in the sample and multiplied by 100 %) was 51 %. The sample contained 50 (47 %) Beijing family isolates. It was noteworthy that the cluster corresponding to the Beijing family contained four isolates that, although not present in this family, had genetic profiles similar to those of the Beijing family members. Among the Beijing family isolates, the most prevalent were those with the genetic profiles 233325153533424 (eight isolates, 16 %), 233325173533424 (eight isolates, 16 %) and 233315153533424 (seven isolates, 14 %), whilst, of the remaining 27 (54 %), some formed two-, three-and four-strong clusters and some stood alone. The sample contained 18 (17 %) LAM family isolates, of which nine formed two-and three-strong clusters and the others each had a unique genetic profile. The genetic profile of the LAM family isolates in the largest cluster, comprising three isolates, was 134325153224222 ( Table 2 ). The cluster denoted as LAM additionally contained one isolate, no. 546, that was not in the LAM family but had a genetic profile similar to those of the LAM family members (see Supplementary Table  S1 , available in JMM Online). The sample contained three (6 %) Haarlem family isolates, the genetic profiles of which were identical (235325153323323). A cluster was formed by two isolates, each having the genetic profile 233325153322224, which is similar to those of the S family members. The genetic profiles of nine isolates were similar to those of the Ural family members (http://miru-vntrplus.org/ MIRU/index.faces). The remaining 24 isolates each had a unique genetic profile in the sample and could not be assigned to any known family (see Supplementary Table S1 , available in JMM Online).
Testing for drug resistance
All the isolates were tested for resistance to isoniazid, rifampicin, streptomycin and ethambutol using the method of absolute concentrations (see Supplementary  Table S1 ). Eleven (10 %) patients had monoresistant tuberculosis and 20 (19 %) had polyresistant tuberculosis. In 49 (46 %) patients, the isolates showed sensitivity to all the anti-tuberculosis drugs being tested. Forty-eight (45 %) isolates had resistance to isoniazid, 31 (29 %) had resistance to rifampicin, 43 (41 %) had resistance to streptomycin and 23 (22 %) had resistance to ethambutol. The isolates with MDR, i.e. resistance to both isoniazid and rifampicin, made up 24 % (26 isolates) (Ramaswamy & Musser, 1998) .
Identification of mutations associated with resistance to rifampicin and isoniazid
The phenotypic test used identified 48 isolates with resistance to isoniazid (see Supplementary Table S1 ). Of these, 42 (87.5 %) contained a Ser 315 AThr substitution in the katG gene and one contained a TAA substitution at position 34 upstream of the transcription start site of the ahpC gene. One isolate, without resistance to isoniazid or mutations in the katG and ahpC genes, had a substitution of CAT at position 15 upstream of the transcription start site of the mabA gene, which is part of the inhA locus. We did not find any mutations at codon 315 of the katG gene or at the above indicated position in the ahpC gene and inhA locus in six isolates with resistance to isoniazid. In addition, the phenotypic test identified six isoniazidsensitive isolates, each of which had a substitution at codon 315 of the katG gene. Unfortunately, these isolates were not viable for repeat testing due to the retrospective character of our DNA study and we could not exclude phenotypic test errors. Thus, the specificity and sensitivity of the method used were 89.6 and 87.5 %, respectively. We found an association between this mutation and the Beijing genotype (R50.2, P50.036).
Screening of M. tuberculosis DNA specimens for a mutation at codon 531 of the rpoB gene demonstrated that, out of 31 isolates with resistance to rifampicin, 19 (61 %) had such a mutation leading to a SerALeu substitution. The core region of the rpoB gene was sequenced in each of 12 isolates with resistance to rifampicin. In five isolates, mutations associated with resistance to rifampicin were additionally found in other codons. Two isolates contained a substitution (GACAGTC) at codon 516, and two others contained a substitution at codon 526, leading to a HisAAsn substitution in one case and a HisAAsp substitution in another case. One isolate contained a mutation (CTGACCG) at codon 533, leading to a LeuAPro substitution. In seven isolates, we did not find 
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Testing for a correlation between MDR and genotype
Isolates in different families were analysed for prevalence and drug resistance. An association between the presence of isolates in the Beijing family and MDR was demonstrated using Spearman's rank correlation coefficient (R50.2, P50.032). No association was found for the other families.
DISCUSSION
Data in the literature suggest that the most prevalent isolates of M. tuberculosis in Russia are in the Beijing family (Drobniewski et al., 2005) . It has been found that bacteria with this genotype have enhanced relative fitness, virulence, cytotoxicity and transmissibility (Lasunskaia et al., 2010; Ló pez et al., 2003) . In addition, Beijing family isolates have been found to have unique mutations in the mutT and ogt genes implicated in DNA repair, which may in part explain their rapid adaptation to anti-tuberculosis drugs and adverse intracellular conditions (Ebrahimi-Rad et al., 2003; Lari et al., 2006) . This family was associated previously with MDR, male sex, young age (under 35 years), penitentiary experience and homelessness (Drobniewski et al., 2005) . In the current study, Beijing family isolates made up nearly one-half (47 %) of the sample population. The population of isolates in this cluster was quite diverse, suggesting that this genotype has long invaded this territory.
The data obtained here are consistent with the literature data: it is known that the prevalence of this genotype in Russia varies from territory to territory and from sample to sample, and comprises about one-half of the samples reported (Kovalev et al., 2005; Mokrousov et al., 2003) . It is noteworthy that the prevalence of this genotype in some regions is considerably higher. Isolates with this genotype reportedly make up 71.7 % in the Samara Region (Zheltkova et al., 2004) , 60.5 % in the Tyva Republic (Matrakshin et al., 2004) and 62.5 % in Ivanovo (Central Federal District) (Chernousova et al., 2001) .
It has been demonstrated previously that not only is the Beijing family the most prevalent in Russia but it is also strictly associated with mutations at codon 315 of the katG gene and codon 531 of the rpoB gene and with MDR (Drobniewski et al., 2005; Mokrousov et al., 2002 Mokrousov et al., , 2009 ). The present study was no exception, as we too found associations between the Beijing genotype and the presence of these mutations leading to drug resistance.
Of the isolates identified as being in the Beijing family, eight (16 %) were type M2 isolates with the genetic profile 233325153533424 and eight (16 %) were type M11 isolates with the genetic profile 233325173533424. M2 and M11 MIRU-based types were designated according to the global MIRU database (Mokrousov, 2008) . It has been demonstrated previously that type M2 and type M11 isolates have enhanced relative fitness, grow rapidly in THP-1 macrophage-like cells and have a high capacity to induce non-protective cytokine synthesis and macrophage necrosis (Lasunskaia et al., 2010) . Because these biological properties of mycobacteria account for their enhanced transmissibility and virulence, successful identification of type M2 and type M11 Beijing family isolates using molecular genetic methods will contribute to making drug treatment more efficient and will be helpful in addressing typical molecular epidemiological problems. The literature data suggest that the prevalence of type M2 and type M11 isolates varies from one region to the next. However, although not occurring in South Africa, type M11 isolates still have a wider geographical distribution, especially in Eurasia, whilst type M2 isolates are more specific for Russia, where they have the highest prevalence. For example, the respective prevalences of type M11 and type M2 isolates are 17.7 and 70 % in Russia, 39.6 and 11.7 % in Europe, and 15.7 and 0.8 % in Japan (Mokrousov, 2008; Mokrousov et al., 2009) . Drobniewski et al. (2005) also demonstrated that, in Samara (Central Federal District), type M11 isolates are more common among ex-convicts, whilst type M2 isolates are more common among the rest of the population (Drobniewski et al., 2005) . The low prevalence of these types in our study was probably due to the fact that the isolates were recovered from newly diagnosed patients. Interestingly, the respective VNTR profiles of these types of isolates differed by just two copies from the consensus repeat at the MIRU26 locus (M2 has five copies and M11 has seven); it is possible that their genomes have other differences that lead to differences in geographical distribution and to higher virulence and transmissibility when compared with other M. tuberculosis types.
Our sample also contained LAM family isolates, which made up 17 %. The prevalence of LAM family isolates varies from region to region: it is 19.7 % in the Tyva Republic (Matrakshin et al., 2004) , 25 % in Ivanovo (Central Federal District) (Chernousova et al., 2001) , 4.7 % in Samara (Central Federal District) (Zheltkova et al., 2004) , 9 % in Saint Petersburg, 17 % in Kaliningrad (Mokrousov et al., 2009) and 28.7 % in the Republic of Karelia (Markelov & Dorodnaia, 2007) . Isolates in the Haarlem family, which is of European origin, made up 6 % of our sample. In European countries, the prevalence of the Haarlem family isolates is higher: a similar study in Scandinavia reported a prevalence of 20 % .
We have previously proposed highly discriminating loci (ETR-A, ETR-C, ETR-E, MIRU23, QUB26, QUB11B, QUB18, V1, V5, V6, MIRU40, V10 and V11) with the HGDI for the Beijing family being equal to 0.97, which was close to the figure obtained using IS6110 RFLP, the 'gold standard' for M. tuberculosis genotyping Surikova et al., 2005) . In the present study, we used a more popular typing scheme proposed by Supply et al. (2006) . We calculated the HGDI for closely related isolates in the Beijing family and found it to be 0.921, which is comparable with the figure obtained using RFLP typing.
Typing of isolates recovered from patients newly diagnosed with pulmonary tuberculosis demonstrated that Beijing family isolates had highest prevalence; a correlation between the Beijing family and MDR was ascertained. However, it is interesting to note that a significant proportion (46 %) of isolates were sensitive to all drugs tested. Previous typing of isolates recovered from newly diagnosed and chronic patients in the Novosibirsk Region not only demonstrated the Beijing genotype as having the highest prevalence but also revealed a large number of MDR isolates (Filipenko et al., 2001; Norkina et al., 2003a, b) .
In conclusion, in the present study, a sample of isolates recovered from newly diagnosed patients was analysed for the prevalence of different M. tuberculosis genotypes and the genetic profiles of these isolates were inferred, their profiles of resistance were studied and associations were found between the Beijing family and MDR and also between the Beijing family and mutations associated with drug resistance. The results obtained can be used further to address various epidemiological issues in the Siberian Federal District.
